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INTRODUCTION
More than 50% of the present crust of North America was assembled in the period 2.0-1.6 Ga. Studies of the development of early Proterozoic orogenic belts are therefore essential for understanding the history and mechanisms of continental growth of North America. In Canada and the northern United States, Proterozoic orogenic belts surround Archean cratons and record a major period of continental assembly 2.0-1.8 Ga (Hoffman 1988) . Much of the continental crust in these orogens consists of older sialic crust that was modified by tectonism, with relatively minor additions of juvenile crust (Patchett and Arndt 1987) . The wide orogenic belt in southwestern North America is fundamentally different in that it apparently represents the generation of large volumes of juvenile Proterozoic (1.8-1.6 Ga) crust (DePaolo 1981; Nelson and DePaolo 1985; Wooden et al. 1987) .
The north margin of the Proterozoic orogenic belt in southwestern North America is the Cheyenne belt of southern Wyoming, a ' Manuscript received September 14, 1987; accepted April 22, 1988. [JOURNAL OF GEOLOGY, 1988, vol. 96, p. 561-576] © 1988 by The University of Chicago. All rights reserved. 0022-1376/88/9605-0006$1.00 wide mylonite zone interpreted to represent a suture zone between the Archean Wyoming Province, with its miogeoclinal cover sequence, and accreted 1.8-1.7 Ga island arc terranes (Hills and Houston 1979; Karlstrom and Houston 1974; Duebendorfer and Houston 1987) . From southern Wyoming, early Proterozoic crust extends southward for more than 1300 km to northern Sonora, Mexico. Based on our work in central Arizona, we propose a model which views the development of this orogenic belt, and hence early Proterozoic growth of southwestern North America, in terms of the independent development and subsequent accretion of diverse tectonostratigraphic terranes. This "terrane" interpretation is fundamentally different from previous tectonic models for the Proterozoic of the Southwest (for example, Van Schmus and Bickford 1981; Condie 1982 Anderson 1986; Conway and Silver in press ) that propose southward growth by progressive addition of continental margin volcanic arcs and arc-related or continental margin sedimentary basins.
In the absence of paleomagnetic and biostratigraphic data, which have been used successfully to define far-traveled tectonostratigraphic terranes in the Cordillera (Jones et al. 1983 ), our approach is as follows. (1) We first identify tectonic blocks where a block is defined as an area of Proterozoic basement bounded by major Proterozoic faults and shear zones or, if a tectonic boundary is not exposed or mapped, an area with distinctly different geologic character than adjacent areas. (2) Kinematic indicators are used to deduce sense and history of movements across shear zones. (3) Geologic history within each block is established by determining the relative timing of sedimentation, plutonism, deformation, and metamorphism. (4) U-Pb zircon geochronology is utilized to constrain the geologic history. (5) Similarities and differences in geologic history are used to help identify tectonostratigraphic terranes. A terrane is defined here as a block or group of blocks that represent a semi-coherent segment of Proterozoic lithosphere which evolved, at least in part, separately from adjacent terranes. (6) We then attempt to define the timing of juxtaposition of terranes and the assembly of orogenic provinces. A province is defined as a large tract of the orogen that was assembled during one major pulse of convergent tectonism.
The quality of available geologic and geochronologic data is variable across the transect so that our identification of blocks and the way in which the proposed blocks are grouped into tectonostratigraphic terranes is preliminary. Our hope is that by pointing out important differences between blocks, and by emphasizing the importance of the major network of shear zones, we will stimulate further work to evaluate stratigraphic and tectonic links between blocks and thereby distinguish tectonic boundaries that separate fundamentally different terranes from boundaries that record relatively minor movements within terranes.
TECTONOSTRATIGRAPHIC
PROVINCES IN ARIZONA Figure 1 shows that Arizona's Transition Zone between the Colorado Plateau and Basin and Range Province, combined with adjoining areas of the Basin and Range Province of Nevada, southeastern California, and Sonora, expose a 500 km long outcrop belt that is subperpendicular to the Proterozoic orogenic strike. This outcrop belt exposes an orogenic cross section that is as wide as many of the world's major orogens. For perspective, a comparable cross-strike distance in the Cordilleran and Appalachian orogens in most places would extend from the continental slope to the undeformed foreland.
Structural studies and geologic mapping in Arizona have identified a family of north-and northeast-trending Early Proterozoic shear zones that divide this transect into at least eight tectonic blocks (figs. 1 and 2). Some of these shear zones were recognized from early mapping (Shylock fault zone and Chaparral fault zone of Anderson and Creasey 1958) ; others are emerging from more recent studies (Moore Gulch fault -Maynard 1986; Karlstrom and Conway 1986; Slate Creek shear zone-Roller and Karlstrom 1986; Roller 1987) . We can now document that several of these blocks experienced different deformational and tectonic histories and therefore should be considered distinct tectonostratigraphic terranes.
In central Arizona the Moore Gulch fault ( fig. 1 ) is part of a major boundary that separates a northwestern province, the Yavapai Province, from a southeastern province, the Mazatzal Province. This fault zone contains mylonites with subvertical foliation and stretching lineation that record movement after 1700 Ma, the age of the youngest rocks deformed along the Moore Gulch fault. This tectonic boundary approximately coincides with a geochronologic boundary proposed by Silver (1965 Silver ( , 1967 Silver ( , 1969 and Silver et al. (1977 ) based on U-Pb zircon data. This geochronologic boundary was believed to separate an older 1800-1700 Ma province to the northwest from a younger 1700-1600 Ma province to the southeast. Karlstrom et al. (1987) presented two models for the juxtaposition across the Moore Gulch fault. In the first model, the 1700 Ma supracrustal sequence of the Mazatzal province was deposited with angular unconformity on the previously accreted island arc volcanic and batholithic rocks of the Yavapai Province. Younger dip-slip motion along the Moore Gulch fault juxtaposed deep levels of the Yavapai Province and shallow levels of the Mazatzal Province. The second model considers the two provinces to represent separate tectonostratigraphic terranes that record very different tectonic histories. In it the Moore Gulch fault is considered to be part of the suture between rocks of the two provinces.
This paper presents arguments that support the second model of Karlstrom et al. (1987) , involving tectonic juxtaposition of these two SC-Slate Creek movement zone. Lineaments on Colorado Plateau: SI-Sinyala fault system; BABright Angel fault system; MB-Mesa Butte fault system; G-northwest boundary of gravity high; HOHolbrook lineament, a gravity and magnetic lineament (see Shoemaker et al. 1978; Lysonski et al. 1980; Sauck and Sumner 1970) . Other boundaries: Pb (short dashed line)-boundary between Pb isotope provinces proposed by Wooden et al. (1987) ; Sm/Nd (dot-dash)-boundary between Sm/Nd provinces proposed by Bennett and DePaolo (1987) ; C (dots)-geochemical boundary proposed by Condie and Demalpas (1985) and Copeland and Condie (1986) . major provinces. Each province is composed of smaller tectonostratigraphic terranes; we argue that the orogenic belt in central Arizona is a collage of blocks and terranes that experienced different tectonic histories and then were assembled perhaps starting as early as 1740 Ma and continuing until about 1630 Ma. The following section reviews the distinctive tectonic features of each block and the nature of the major shear zones. More detailed discussion of various aspects of the geology are in Karlstrom and Conway (1986) , Conway and others (1987) , Karlstrom and others (1987) Karlstrom et al. (1987) and unpublished data.
ages, unless otherwise referenced, are U-Pb zircon ages taken from Table 1 of Karlstrom and others (1987) .
YAVAPAI PROVINCE BLOCKS AND SHEAR ZONES
The Yavapai Province is divided into five blocks, the Ash Creek, Big Bug, Green Gulch, Hualapai-Bagdad, and Mojave blocks (figs. 1 and 2). These blocks are made up of supracrustal rocks of the Yavapai Supergroup and associated calc-alkaline batholiths (Anderson et al. 1971) . (The lithostratigraphic term Yavapai Supergroup is used here in place of the chronostratigraphic term Yavapai "Series" used by Anderson et al. (1971) in accordance with amendments to the U.S. Code of stratigraphic nomenclature proposed by Henderson et al. 1980) . The Yavapai Supergroup is a diverse sequence of mafic to intermediate volcanic rocks and volcaniclastic sedimentary rocks in central Arizona. These rocks were divided by Anderson et al. (1971) into two groups, the Ash Creek Group and the Big Bug Group, the latter made up of the Green Gulch Volcanics, Spud Mountain Volcanics, and Iron King Volcanics. The blocks in central Arizona correspond to these stratigraphic subdivisions, as each of the groups is, for the most part, areally restricted to the fault-bounded blocks defined in figure 2. (The following discussion of northwestern blocks proceeds from the southeast to the northwest.)
Ash Creek Block.-The Ash Creek block is bounded on the southeast by the Moore Gulch fault and on the west by the Shylock fault zone. It contains: (1) the Ash Creek Group, the oldest rocks in central Arizona (ca. 1790 Ma), with the important massive sulfide deposit at Jerome; (2) the Cherry batholith, a large calc-alkaline batholith with numerous plutons that range in age from 1740 to 1720 Ma and in composition from quartz diorite to granodiorite, and (3) a sequence of metavolcanic and metasedimentary rocks that crop out near the Moore Gulch fault and are intruded by the Cherry batholith. The metamorphic grade of the Ash Creek Group has not been studied in detail, but petrographic descriptions by Anderson and Creasey (1958) suggest upper greenschist to lower amphibolite grade metamorphism. Rocks of the Ash Creek Group contain a steeply dipping, northwest-trending foliation that is axial planar to tight-to-isoclinal folds. This foliation is cut by unfoliated dikes and plutons of the Cherry batholith, which is not penetratively deformed except along the margins of the block, in the Moore Gulch and Shylock fault zones. Thus, timing of deformation in the Ash Creek Group is bracketed between 1790 and 1740 Ma and is the oldest known deformation in central Arizona.
Shylock Fault Zone.-The Shylock fault zone is a several kilometer wide zone of vertical foliation, with dominantly vertical lineation, that extends some 60 km north-south and separates the Ash Creek and the Big Bug blocks. This zone records a complex deformation history that we interpret to have resulted from transpressional convergence between blocks (Karlstrom 1988) . Deformation, at least in part, post-dated the 1720 Bland quartz diorite of the Cherry batholith of the Ash Creek block. The Bland quartz diorite is intensely foliated along its west margin and contains the vertical lineation that is characteristic of early movements on the Shylock fault zone. The vertical L-S fabric records shortening and dip-slip movement across the zone. Vertically-plunging isoclinal folds in the Shylock fault zone are overprinted by folds with consistent sinistral asymmetry, and early vertical foliation is reactivated in a zone several hundred meters wide and 25 km long by sinistral strike-slip movement. This reactivated zone in the Shylock is called the Cleator mylonite zone (Darrach et al. 1986 ). Transpressional movement involving both shortening across the Shylock fault and sinistral strike-slip appear to have been temporally related to intrusion of the 1699 Ma Crazy Basin Quartz Monzonite (Karlstrom and Conway 1986; Conway et al. 1987) .
Big Bug Block.-The Big Bug block is bounded by the Shylock fault zone on the east and the Chaparral fault on the northwest. Big Big Group rocks in this area include mafic to felsic volcanic and volcaniclastic rocks that are dated at 1755 Ma and are intruded by 1750-1735 Ma granodiorites. One of these granodiorites, the Brady Butte granodiorite (1750 Ma), intrudes the Big Bug Group and is unconformably overlain by metasedimentary and metavolcanic rocks of the Texas Gulch Formation. The Brady Butte granodiorite and the Texas Gulch Formation are folded together into recumbent isoclinal folds (F1) that plunge shallowly to the north and verge west or northwest. This early recumbent folding was associated with northwest-directed thrusting as shown by asymmetrical fabrics in the mylonitic Brady Butte Granodiorite (Karlstrom 1988) . Recumbent folds (F1) are refolded by upright folds (F2) with variable plunge and subvertical axial plane foliation. In most of the Big Bug block, the dominant vertical fabric is related to intense shortening (F2) but is a composite fabric consisting of rotated and transposed bedding and S1 and S2 axial plane foliation. This composite foliation, with subvertical stretching lineation, can be traced eastward and is continuous with the vertical fabric of the Shylock fault zone, which exhibits similar sequence and style of fold generations. If the correlation of the vertical fabric (F2) in the Big Bug block with the vertical fabric in the Shylock fault zone (F2) is correct, F2 shortening deformation must have post-dated the 1720 Bland quartz diorite as discussed earlier. In the area of the 1699 Ma Crazy Basin Quartz Monzonite the vertical fabric and associated upright isoclinal folds (F2) of the Big Bug block are deflected around the northern terminous of the Crazy Basin Quartz Monzonite, and one macroscopic upright fold (F2) is crosscut by an aplite which is similar in composition and age (1700 Ma) to the nearby Crazy Basin Quartz Monzonite. This indicates that the recumbent folding and some of the upright folding of the Big Bug block took place before 1700 Ma. Further, the aplite and the Crazy Basin Quartz Monzonite are foliated, presumably by continued shortening (F2). The shortening is therefore interpreted to have been broadly synchronous with 1700 Ma emplacement of the Crazy Basin Monzonite. Sinistral strike-slip reactivation of the Shylock fault zone along the Cleator mylonite zone was progressively related to F2 shortening (Darrach 1988 ) and was also contemporaneous with 1700 Ma plutonism as shown by en echelon vein arrays filled with Crazy Basin Quartz Monzonite that are compatible with sinistral strike-slip movement. Metamorphism post-dated the major shortening (F2) deformation in the Crazy Basin area and reached temperatures of about 550°C and pressures of 3.7 kb, as recorded by garnetbiotite geothermometry and garnet zoning profiles (Michael Williams pers. comm. 1987 ). The Crazy Basin Quartz Monzonite contains muscovite, biotite, and garnet, an assemblage that suggests the batholith crystallized at pressures in excess of 2-3 kb (Miller 1985) .
Distinctive features of the Big Bug block include the following: (1) The supracrustal rocks of the Big Bug Group (1755-1740 Ma) are younger than the Ash Creek Group (1790 Ma). (2) The deformational history involved northwest verging recumbent folds (F1) and thrusts overprinted by tight-to-isoclinal upright folds (F2). The resulting fabric is characterized by northeast-trending subvertical foliation with subvertical stretching lineation rotated to a northerly strike within the Shylock fault zone. (3) F1 recumbent folding was post-1750 Ma, and F2 shortening was at 1700 Ma. (4) The Crazy Basin Quartz Monzonite is a strongly peraluminous early Proterozoic batholith that was intruded at depths of 10-15 km into a crust undergoing ductile deformation at 5500C and 3.7 kb at 1700 Ma.
Chaparral Fault.-The Chaparral fault (Anderson and Creasey 1958 ) is a 2 km wide vertical shear zone that trends northeast, parallel to vertical foliation in the Big Bug block. It contains well-developed shallowlyplunging stretching lineation and abundant kinematic evidence for a major component of dextral strike-slip movement. Movement on the zone post-dated intrusion of the 1735 Ma Crooks Canyon Granodiorite. North-trending foliation in the Green Gulch Volcanics north of the Chaparral fault becomes progressively deflected into the northeast-trend of the fault demonstrating in excess of 3-5 km dextral strike-slip based on shear strains calculated by measuring deflection of foliation trajectories (c.f. Ramsey and Huber 1983).
Green Gulch Block.-Yavapai Supergroup rocks immediately northwest of the Chaparral fault were named the Green Gulch Volcanics of the Big Bug Group by Anderson et al. (1971) . There are no published isotopic ages on the supracrustal rocks, but they are intruded by 1740 Ma granodiorites and were believed by Anderson et al. (1971) to be older than the volcanics exposed in the Big Bug block, based on stratigraphic arguments. Deformation of the Green Gulch Volcanics is reported by Krieger (1965) Gulch Volcanics appears to be similar to the Ash Creek Group, as indicated by the northwest trend of foliation in both blocks, similar metamorphic grade, similar compositions and ages of plutonic rocks (Krieger 1965) , and similar timing of deformation (pre-1740 Ma). We suggest that these two blocks may be part of the same terrane that is folded into a crustal-scale antiform cored by the Big Bug block, as shown schematically in figure 3.
Siliciclastic sedimentary rocks that are similar in lithology to the Mazatzal Quartzite of the southeastern province occur in one small outcrop in the Green Gulch block. These rocks are very low-grade (they contain pyrophyllite, kaolinite, and other clay minerals) and not penetratively deformed, in marked contrast with volcanic and granitic rocks nearby. The lower contact of the quartzite is not exposed, so the relationship between the quartzite and the underlying units is in doubt . If these rocks do indeed correlate with the Mazatzal Group-as all workers have proposed-they represent a link between the southeastern and northwestern provinces. This link could be stratigraphic or tectonic, an angular unconformity or a thrust.
Hualapai-Bagdad Block.-The volcanic and volcaniclastic rocks in the Bagdad area have been correlated with the Yavapai Supergroup (Anderson et al. 1955) , although rhyolitic rocks that are interstratified with mafic volcanic rocks yield ages of 1709 Ma, younger than any rocks known in the Yavapai Supergroup to the southeast. Published dates from granites in this area range from 1720 Ma to 1696 Ma, and deformation appears to be bracketed between 1706 and 1696 Ma, the ages of strongly foliated plutonic rocks and a syn-to post-deformational granite, respectively (Bryant and Wooden 1986) . The timing of deformation is thus similar to that of the Big Bug block.
In the western Hualapai Mountains, Stensrud and More (1980) described a sequence of supracrustal rocks that includes amphibolites and pelitic schists intruded by several types of granitic intrusives. The metamorphic grade is reported to be upper amphibolite facies, which may be compatible with either a general increase in metamorphic grade to the northwest in the Hualapai-Bagdad block or with the presence of several distinct blocks. Granitic rocks make up the western Hualapai plutonic complex (Stensrud and More 1980) , a northwest-trending 80 km long belt of granodiorite plutons which may be a distinctive feature of the Hualapai-Bagdad block. New U-Pb zircon dates on several plutons in the western Hualapai Mountains range between 1660 and 1730 Ma (Chamberlain et al. 1988) .
The Majave Block.-Early Proterozoic rocks in the Mojave desert occur within ranges of the Basin and Range province. The geologic history of these uplifts is complex and generally involves Mesozoic compression followed by ductile and brittle Tertiary extensional tectonism. Although the Proterozoic history in the Mojave is still incompletely known, it contains remnants of 1900-2300 Ma supracrustal rocks, and isotopic evidence indicates that this area is a distinct tectonostratigraphic terrane relative to the rest of Arizona . We in-clude the Mojave block in the Yavapai Province because it experienced deformation and metamorphism at about 1700 Ma .
Isotopic Data.-Sm-Nd and Pb isotopic data suggest the presence of a boundary ( fig.  1 ) that is subparallel to the California-Arizona border. Rocks west of this boundary have high Nd/Sm ratios that require mixing of a significant component of older crustal material during crustal formation at 1800-1700 Ma (Bennett and DePaolo 1987) . In contrast, rocks in Arizona east of this boundary have low Nd/Sm ratios that are consistent with derivation of juvenile early Proterozoic crust from a MORB-like mantle source at 1800-1700 Ma. In addition, Mojave rocks have a more radiogenic Pb isotope signature than Arizona rocks (Wooden et al. 1987; . The higher Pb 207/206 ratio in the Mojave seem to require either addition of Pb from Archean sources or from ca. 2.1 b.y. old crust. Mojave rocks also have lower Pb 206/ 204 ratios, which probably reflect the higher regional metamorphic grade of Proterozoic rocks in the Mojave (high T, low P, granulite facies in the New York Mountains according to Elliott et al. 1986 ).
MAZATZAL PROVINCE BLOCKS AND SHEAR ZONES
The area southeast of the Moore Gulch fault is divided into three blocks: the Mazatzal, Sunflower, and Pinal ( fig. 2 ). These areas expose predominantly 1710-1690 Ma supracrustal rocks and associated hypabyssal intrusions. The nature of the basement to the supracrustal succession and hypabyssal intrusions is poorly known.
Mazatzal Block.-The Mazatzal block is distinct from the northwestern blocks in terms of stratigraphy, style and timing of deformation, and metamorphic grade. Supracrustal rocks have been named the Tonto Basin Supergroup (Conway et al. 1987) , which is divided into three groups: Alder, Red Rock, and Mazatzal. This sequence is intruded by penecontemporaneous shallow level granites and granophyres called the Diamond Rim Intrusive Suite (Conway et al. 1987) . Rocks that may be part of the basement to the Tonto Basin Supergroup include the Gibson Creek batholith, a 1738 Ma calc-alkaline gabbrodiorite complex, metasedimentary and metavolcanic rocks found as screens in the batholith, and sedimentary packages that may correlate with the screens, for example the East Verde River Formation (Conway and Wrucke 1986) . However, the lower Alder Group has not been found in depositional contact with older basement rocks.
The lower Alder Group is up to several kilometers thick and contains pillow basalts, graywacke, small exhalative sulfide deposits, and slates. This sequence is widespread and presumably records marine sedimentation in arc-related basins. Upper Alder rocks consists of several kilometers of slates, lithic arenites, intermediate-to-felsic pyroclastic rocks, quartzarenite, and rhyolite. Upper Alder Group felsic pyroclastic rocks have been dated at 1710-1700 Ma and thus appear to overlap in age the overlying Red Rock Group rhyolites.
The Red Rock Group is dominated by alkaline high silica rhyolitic ash flow tuffs, rhyolitic lava flows, and related hypabyssal intrusives that range in age from 1703-1692 Ma. This group is several kilometers thick locally, has a volume of several thousand cubic kilometers regionally, and has been interpreted to record caldera-related rhyolitic volcanism analogous to Yellowstone or the Basin and Range province (Conway 1976; Conway and Silver 1984) . Red Rock Group volcanism gave way to fluvial and shallow marine siliciclastic sedimentation in the Mazatzal Group. The Mazatzal Group is 1-2 km thick and generally disconformably overlies the Red Rock Group. This sequence has been interpreted to be part of a regionally extensive miogeoclinal sand blanket (Trevena 1979) . Dated sills and domes of rhyolite intrude the lower Mazatzal Group and indicate that siliclastic sedimentation immediately followed and overlapped in time with rhyolitic volcanism.
The structural style in the Mazatzal block is that of a shallow-level foreland fold and thrust belt. Major thrusts have ramp-flat geometries with duplex systems. Folds of three major types characterize the Mazatzal block; all are related to the northwestdirected thrusting: (1) fault-bend folds above ramps are seen at mesoscopic to macroscopic scales; (2) large-scale upright folds above detachments are associated with shortening due to tectonic wedging; and (3) northwestverging asymmetrical folds occur associated ASSEMBLY OF TECTONOSTRATIGRAPHIC TERRANES with thrusts in less competent units. The thrusting in the Tonto Basin Supergroup is of regional extent. Puls (1986) estimated greater than 50% (>18 km) shortening in one area of the northern Mazatzal Mountains on the basis of a restored cross section of the Mazatzal thrust system, which consists of a roof thrust above a duplex system. This estimate of thrust transport, as well as observed geometries, necessitates that all of the Tonto Basin Supergroup in the southeastern part of the Mazatzal block is allochthonous relative to the northwest part of the block (fig. 2) .
The Gibson Creek batholith (1738 Ma) also is involved in thrusting (Conway 1976) , so if this is a portion of the basement on which the Tonto Basin Supergroup was deposited, the basement and cover are intimately shuffled. Thrusting took place between 1692 and 1630 Ma, the youngest rocks involved in thrusting and the age of the Young Granite respectively. The Young Granite intrudes the Alder Group south of the Slate Creek shear zone and is reported to be syn-or postdeformational (Conway and Silver 1988) .
Rocks exposed in the Mazatzal block are of low metamorphic grade. Kaolinite is present in argillitic quartzites, and pyrophyllite is observed at slightly deeper levels in slates. Xray data on dioctahedral illite shows about 90% ordered (2 m) polymorph, suggesting T of 200-3500C (Maxwell and Hower 1967) . This is compatible with fluid inclusions in syntaxial quartz fibers along thrust surfaces that have homogenization temperatures of less than 2500C. These conditions and the predominance of pressure solution as the dominant deformation mechanism, are consistent with shallow crustal conditions during deformation and metamorphism.
The Mazatzal block is distinct from the Ash Creek block in the following ways: (1) The distinctive 1700 Ma supracrustal package and alkalic granites of the Mazatzal block terminate abruptly at the Moore Gulch fault. (2) The Mazatzal block was deformed between 1692 and 1630 Ma at low metamorphic grade, whereas the Ash Creek block records pre-1740 and 1700 Ma deformations at higher metamorphic grades. (3) The two blocks have distinctly different metalogenic characteristics, as discussed by Titley (1987) .
Slate Creek Movement Zone.-The Slate Creek movement zone is an east-northeast striking network of shear zones up to 5 km wide that separates the Sunflower and Mazatzal blocks. It is exposed for a strike distance of 40 km and may be extended to coincide with the Holbrook lineament, a magnetic (Sauck and Sumner 1970) and gravity (Lysonski et al. 1980 ) lineament of the Colorado Plateau ( fig. 1) . The movement history includes south-side up (and sinistral) oblique slip ( fig. 2) followed by shortening across conjugate but predominantly dextral shear bands (Roller 1987) . Early south-side up movements are interpreted to be temporally and kinematically related to the thrusting in the Mazatzal block, and cross sections suggest that the movement zone in part reflects flattening above a ramp in the regional decollement (see Conway et al. 1987) . Large southside-up displacements across the zone are suggested by very high strains and by higher grade metamorphic rocks south of the movement zone.
Sunflower Block.-The Sunflower block contains a supracrustal package of rhyolite and quartz arenite that is similar to the Mazatzal block but is distinguished by a generally higher grade of metamorphism. The Sunflower block also contains a suite of 1640-1630 Ma granitic intrusives that are unknown north of the Slate Creek movement zone. Supracrustal rocks make up only a small percentage of the exposed Sunflower block relative to granites (both 1640-1630 and 1400 Ma granites).
Metamorphic grade is higher south of the Slate Creek movement zone, suggesting generally deeper crustal levels than are exposed in the Mazatzal block. At Four Peaks, andalusite and sillimanite coexist in pelitic metasedimentary rocks. In the McDowell Mountains near Phoenix, Couch (1981) reported kyanite, sillimanite, and K-feldspar in pelitic rocks. These assemblages, along with garnet-biotite geothermometry, were interpreted by Couch (1981) to record an early regional metamorphism with T=350-450°C and P= 4-6 kb, followed by "contact metamorphism" with T= 550-580°C and P=3-3.7 kb. Assemblages found on Squaw Peak, in Phoenix, contain Mn-andalusite, kyanite, staurolite, and chloritoid (Thorpe and Burt 1978) similar to regional metamorphic assemblages seen in New Mexico which represent peak conditions of T= 5000C, P= 4 kb (Grambling 1986 ). All of these amphibolite assemblages in the Sunflower block have been interpreted to be the products of contact metamorphism. However, the high pressures indicate depths of 10-20 km at least in some areas of the Sunflower block and, at Four Peaks for instance, the effect of contact metamorphism around the 1400 Ma granite appears to be retrogressive. The higher metamorphic grades and the presence of 1640-1630 granitoids in the Sunflower block both suggest different crustal levels and/or different lithospheric sections for the two blocks.
The southern boundary of the Sunflower block is unknown but is shown (dashed) in figure 1 south of the southernmost outcrops that have been correlated with the Mazatzal Group and north of the northernmost outcrops of Pinal Schist. Voluminous 1400 Ma post-tectonic granites are exposed in this area and conceal the boundary.
Pinal Block.-The Pinal block differs from the other southeastern blocks in the character of its supracrustal package. Outcrops of Proterozoic rocks in southeastern Arizona have traditionally been referred to as the Pinal Schist (Ransome 1903 (Ransome , 1905 Cooper and Silver 1964; Silver 1978) . Condie and DeMalas (1985) and Copeland and Condie (1986) have proposed that this area can be divided into two assemblages with different petrologic and geochemical characteristics, a western assemblage of quartz wacke turbidites and an eastern assemblage of basalt, rhyolite, and diverse metasedimentary rocks ( fig. 1) . Their proposed boundary between assemblages strikes northwest, perpendicular to the trend of foliation, folds, and faults in the Pinal Schist and to the trend of the shear zones discussed above.
The western assemblage contains quartz wacke turbidites that are uniform in composition over a wide area, and minor basalt and rhyolite. Widely-scattered outcrops occur over an area of several thousand square kilometers, and some workers have interpreted this to represent a large basin filled with interfingering submarine fans. However, there is no evidence that the turbidites were deposited in the same basin or at the same time (Swift 1987) .
U-Pb zircon ages for the Pinal block are few. Silver (1978) reported an age of 1680-1700 Ma for rhyodacite sills that intrude turbidites and basalts in the Johnny Lyon Hills. These sills were intruded before the end of deformation and metamorphism, and Cooper and Silver (1968) interpreted the sills to be entirely pretectonic. In contrast, Swift interpreted them to be broadly syntectonic, noting the presence of a xenolith of strongly foliated basalt within less-foliated rhyodacite. The 1625 Ma Johnny Lyon Granodiorite has been interpreted to be late syn-kinematic to postkinematic (Cooper and Silver 1964) because it crosscuts foliated rocks of the Pinal Schist and is itself generally unfoliated. However, one body, identified as Johnny Lyon Granodiorite by Cooper and Silver (1964) , is foliated with foliation truncated by flat lying Middle Proterozoic Apache Group sedimentary rocks. This suggests that some early Proterozoic deformation may have affected the Johnny Lyon Granodiorite.
Correlation of the Pinal Schist with rocks of the lower Alder Group of the Tonto Basin Supergroup has been proposed by Conway and Silver (1986; who suggest that the turbidites reflect a facies change to more distal parts of a large successor basin. A gradual transition from one package to the other has not been documented, and our view is that this correlation is not supported by existing data.
TECTONIC LINKAGES BETWEEN BLOCKS
The identification of tectonic blocks bounded by major shear zones and having one or more distinct tectonic features relative to adjacent blocks is a first step in identifying the architecture of an orogenic belt. The next, and necessarily more interpretive, step is to attempt to identify linkages between blocks and thereby identify the geometry and timing of assembly of terranes that may represent once separate lithospheric plates or microplates. Figure 3 is a schematic cross section of a possible post-collisional geometry of juxtaposed terranes. In this cross section, we suggest that the eight blocks described earlier can be grouped into three major terranes on the basis of timing of deformation in the various blocks. This cross section is almost certainly an oversimplification because each of the three terranes may be composites of one or more microplates. However, by using timing of deformation, we present a new criterion for evaluating linkages between terranes that can be combined with stratigraphic, petrologic, and geochronologic data.
Three blocks of the Yavapai Province, the Mojave, Hualapai-Bagdad, and Big Bug blocks ( figs. 1, 3) show broadly similar timing and styles of deformation and metamorphism about 1700 Ma. There are certainly major differences between these blocks, including very old supracrustal rocks (2300-1900 Ma) and distinctive Nd and Pb isotopic signatures in the Mojave and parts of the HualapaiBagdad blocks relative to central Arizona, and younger supracrustal rocks (1710 Ma) in the Hualapai-Bagdad block relative to the Big Bug block (1755 Ma). These and other differences suggest the probability of distinct pre-1700 Ma tectonic histories for these blocks. However, these blocks were apparently in close enough proximity to have been affected by the same 1700 Ma tectonic event; they were apparently becoming part of a single large terrane by about 1700 Ma.
The other two northwestern blocks, the Ash Creek and Green Gulch blocks, were deformed before 1740 Ma but show no evidence of penetrative deformation at 1700 Ma, except within the bounding fault zones, and no evidence for the voluminous ca. 1700 Ma granitic plutonism that affected the other northwestern blocks. Figure 3 tentatively suggests that the Ash Creek and Green Gulch blocks were part of a single terrane, now antiformally folded across the Big Bug block. Transpressional convergence across the Shylock fault and the nearly synchronous penetrative deformation in the far northwestern province could both have been driven by 1700 Ma collision of the Ash Creek-Green Gulch terrane with other Yavapai Province blocks. The absence of penetrative 1700 Ma deformation in the Ash Creek and Green Gulch blocks could be explained if these blocks were part of an upper plate during thrust-related convergence ( fig. 3) .
Blocks of the Mazatzal Province were deformed between 1692 and 1630 Ma, after the composite Yavapai Province was assembled by collision of two or more terranes at about 1700 Ma. Information on timing of deformation in the Mazatzal Province is not yet detailed enough to evaluate whether these blocks are all part of one terrane that collided with the Yavapai Province, or whether the Mazatzal Province is itself a composite of terranes. At present, the tentative correlation of quartzites and rhyolites block to block suggests a single terrane (Conway and Silver 1988) , whereas higher metamorphic grades in the Sunflower block, an absence of 1640-1630 granites in the Mazatzal block, and thick turbidite packages in the Pinal block all may suggest that different terranes may be presented. The presence of syn-to postdeformational 1640-1630 granites in both the Sunflower and Pinal blocks suggests that these blocks were together or in close proximity at 1640-1630 Ma.
The designation of three terranes based on timing of deformation shown in figure 3 is tentative and needs to continue to be evaluated in terms of analysis of possible stratigraphic and petrologic linkages between blocks. Stratigraphic and petrologic linkages between the Yavapai and Mazatzal Provinces have been proposed by various workers (e.g., Anderson 1986; model one of Karlstrom et al. 1987; Conway and Silver 1988) . For example, the 1738 Ma Gibson Creek batholith of the Mazatzal block is the same age and is similar to the Cherry batholith of the Ash Creek block, and neither is penetratively deformed. Consequently, these plutonic rocks may have been a continuous basement for deposition of the rhyolite-quartzite succession of the Mazatzal block. However, this interpretation is difficult to reconcile with data that suggest that at the same time that these 1700 Ma quartzites and rhyolites were being deposited in the Mazatzal block, the Ash Creek block was undergoing deformation at its margins and the 1700 Ma strongly peraluminous Crazy Basin Quartz Monzonite was being emplaced during compressional deformation at 10-15 km depths.
Syntectonic deposition of the rhyolitequartzite succession of the Tonto Basin Supergroup may be compatible with the interpretation of Middleton (1986) that conglomerates in the Mazatzal Group outcrops of the Green Gulch block are syntectonic fluvial deposits. However, it is inconsistent with the other interpretations that the rhyolite-quartzite succession is related to fluvial to shallow marine platform sedimentation (Trevena 1979; Conway and Silver 1984) . Further, it seems difficult to reconcile with the absence of 1700 Ma plutonic rocks in the Ash Creek block that would represent equivalents of the extensive 1700 Ma rhyolitic plutonism and volcanism in the Mazatzal block and it ignores the difference in timing of deformation between the provinces.
One way to evaluate proposed linkages and the magnitude of displacements between terranes is to assess the compatibility of inferred tectonic and structural evolution. The apparent diversity of tectonic regimes at 1700 Ma in central Arizona suggests to us that the proposed terranes were at distances greater than 100's of km from one another, prior to their juxtaposition. This interpretation more easily explains the extremely diverse 1700 Ma tectonic events such as: (1) calc-alkaline plutonism in the northwest; (2) ductile deformation and metamorphism in the northwest; (3) strongly peraluminous granitic magmatism in the Big Bug block; (4) extrusion of calderarelated alkaline rhyolites followed shortly by deposition of mature siliciclastic sediments in the Mazatzal and Sunflower blocks; and (5) deposition of turbidites in the Pinal block ( fig.  3 ). Using the Indonesian or Caribbean regions as actualistic models, such complexities are easily explained in terms of separate terranes that become incorporated into an orogenic collage. This interpretation also readily explains the absence of systematic cross-strike changes in age of magmatic rocks and age and style of deformation and metamorphism.
ASSEMBLY OF OROGENIC PROVINCES
Our working hypothesis is that early Proterozoic rocks in Arizona represent diverse tectonostratigraphic terranes that were assembled during several episodes of convergent tectonism. This is in contrast to earlier interpretations. Wilson (1939) proposed the term "Mazatzal Revolution" for a profound compressional disturbance that post-dated deposition of the Mazatzal Group and affected all the older Precambrian rocks of Arizona. Although disputed by Hinds (1938) , Wilson and most subsequent workers have believed that early Proterozoic rocks in Arizona have been affected by one major Proterozoic orogenic event, and most workers have used the term Mazatzal orogeny for this event (Silver 1978) . Conway and Silver (1988) give age brackets of 1680-1630 Ma for this orogeny.
Evidence for pre-1740 and 1700 Ma deformations in northwestern Arizona demonstrates multiple tectonic events and raises the question of how to apply the term Mazatzal orogeny. We agree with Conway and Silver (1988) that the term Mazatzal orogeny should be used for the post-1690 Ma compressional deformation in the southeastern blocks. We interpret this deformation to be the result of collision of the Mazatzal Province blocks with the previously assembled Yavapai Province. However, this tectonic interpretation need not be implicit in use of the term Mazatzal orogeny.
The term Mazatzal orogeny should probably not be used for deformation of the Yavapai Province, which was apparently older and of ductile character. Using figures 2 and 3 as guides, it seems reasonable to define a major 1700 Ma orogeny in Arizona that resulted from the assembly of northwestern blocks. Pre-1740 Ma deformation in the Ash Creek and Green Gulch blocks represents still earlier tectonic events.
It seems inescapable that the tectonic events that produced deformation and metamorphism in Arizona also affected other areas of southwestern North America. Deformation in New Mexico involved thrusting and recumbent folding at amphibolite facies conditions. The intense late stages of deformation in New Mexico in part post-dated 1650 Ma (Bowring et al. 1983) . Deformation of cover rocks in the Needle Mountains of southern Colorado took place between 1680 and 1430 Ma (Tewksbury 1985; Harris et al. 1987; Gibson and Simpson 1988) and involved regional compression and strike-slip faulting. Both the timing and style of these deformations may be compatible with the southeastern province of Arizona, and the term Mazatzal orogeny may be applicable to regional post-1690 Ma early Proterozoic deformation in the Southwest.
Earlier deformations at 1700 and pre-1740 may also have affected a larger region, although this will require much more detailed data on timing of deformations. In the Needle Mountains of southern Colorado, Harris et al. (1987) and Gibson and Simpson (1988) , following Barker (1969) , suggested that the Uncompahgre Group was deposited uncon-formably on a gneissic basement that was deformed before intrusion of 1690 Ma granites. In other areas of southern Colorado, deformation and metamorphism reportedly took place 1730-1714 Ma (Bickford and Boardman 1984; Reed 1986) . Farther north, Reed (1986) reported deformation in the Sawatch Range 1670-1658 Ma; deformation in the central Front Range post-1700 Ma; and deformation in the northern Front Range at 1710 Ma. Along the Cheyenne belt, Duebendorfer and Houston (1987) reported that thrust-related deformation took place before 1750 Ma.
It should be noted that interpretation of timing of deformation in most of these areas involves evaluation of the pre-, syn-, or postkinematic character of datable plutonic rocks. Such evaluations are not straightforward, as plutonic rocks have markedly different material properties than their country rock, and diapiric emplacement of plutons often imparts strains on country rocks and granite margins that must be understood before the component of strain imparted by regional deformation can be evaluated. As a consequence, interpretations of timing of deformation will need to be continually reevaluated with more detailed structural studies.
It seems clear to us from available data that the deformation history in Colorado and southern Wyoming is complex and cannot be viewed in terms of progressive southward growth of the continent. This is in contrast to the interpretation of Reed et al. (1987) . The tectonostratigraphic terrane model proposed here for Arizona suggests that complexities of assembly of the entire orogen from Wyoming to Mexico are likely to be great and correlations of stratigraphic and tectonic events as well as tectonostratigraphic terranes and orogenic provinces, need to be made cautiously. Using actualistic models, it is reasonable to assume that there may have been tens of discrete tectonic events during assembly of the 1300 km wide orogen in southwestern North America and there is certainly no reason to believe that collisions of terranes would necessarily have preceded from north to south.
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